The stems of Bursera multijuga afforded (-)-(1S,3E,7R,8R,11E)-7,8-epoxycembra-3,11-dien-1-ol (1) and its acetate 2, together with cembrene A (3), nephthenol (4), and cembrenol (5). The structures of 1 and 2 were elucidated by 1D and 2D NMR, HRESIMS, and X-ray diffraction. The conformational preference of flexible 1 was studied by molecular modeling at the DFT B3LYP/DGDZVP level of theory. Good agreement between calculated and experimental vibrational circular dichroism curves established the absolute configuration of 1. This is the first time that cembrane derivatives have been isolated from the genus Bursera.
Cembranes are monocyclic diterpenes thought to be intermediates in taxadiene biosynthesis [1] . They have been found in terrestrial species of the Burseraceae family like Boswellia and Commiphora [2], liverworts [3] , and soft corals [4] . These compounds isolated from Nephthea brassica showed significant cytotoxicity against several cancer cells [5] . Recently, the absolute configuration (AC) of cembranes from the genera Chandonanthus, Sarcophyton, and Sinularia was reported using single-crystal X-ray diffraction analysis and electronic circular dichroism [6] .
Chemical studies on the genus Bursera [7] afforded lignans [8] , triterpenes [9] , flavonoid glycosides [10] , and verticillanes [11] , which are also involved in the taxadiene biosynthetic pathway [1, 12] . Mexico has about 70 endemic Bursera species of which 18 grow abundantly, a few have domestic uses [13] , some possess aromatic qualities [14] , others are used against diarrhea, fever, gingivitis, cough, and measles [15] , while the extracts of Bursera odorata inhibit Mycobacterium tuberculosis [16] .
B. multijuga Engler is a 6-12 m height tree that produces red ochre papery bark. It grows in mixed mountain forests in the central region of Mexico [17] . The present paper describes the isolation and structure elucidation of (-)-(1S,3E,7R,8R,11E)-7,8-epoxycembra-3,11-dien-1-ol (1) and its acetate 2, as well as their AC determination by vibrational circular dichroism (VCD).
Hexane extraction of Bursera multijuga yielded a greenish viscous oil which was chromatographed to give the new compounds 1 and 2, together with cembrene A (3) [2b,18] , nephthenol (4) [19] , and cembrenol (5) [2a] . Compound 1 showed a specific rotation value of [α] D = -20, IR absorption bands for a hydroxyl group (3598 and 3417 cm -1 ) and its molecular formula was established as C 20 H 34 O 2 by HRESIMS. The 1 H NMR spectrum exhibited two vinylic proton signals at  5.39 (br t, J = 6.8 Hz) and  5.12 (br t, J = 7.6 Hz) due to trisubstituted C=C double bonds, an oxirane ring methine signal at  2.76 (t, J = 4.3 Hz), two isopropyl methyl groups at HO OH  0.95 (d, J =6.4 Hz) and at  0.93 (d, J = 6.5 Hz), a tertiary oxirane methyl group at  1.27 and two vinylic methyl groups at  1.66 and  1.58. The 13 C NMR spectrum (Table 1) confirmed the presence of two trisubstituted double bonds showing quaternary carbons at δ 136.4 and  134.8, CH signals at  123.0 and  121.5, three oxygenbearing signals at  76.7 (C), 62.3 (CH), and 59.8 (C), as well as five methyl groups, seven methylene groups and one methine group. The HMBC spectrum showed correlations of H-2 with C-1 and C-4, H-3 with C-1, C-2, C-5 and C-18, H-5 with C-6, C-7 and C-18, H-7 with C-5, C-6, C-8 and C-9, H-9 with C-7, C-8, C-10 and C-11, H-11 with C-10, C-13 and C-20, H-13 with C-1, H-14 and C-2, H-15 with C-1 and C-2, H-16 with C-1, C-15 and C-17, H-17 with C-1, C-15 and C-16, H-18 with C-3, C-4 and C-5, H-19 with C-7 and C-8, and H-20 with C-11, C-12 and C-13, which were in agreement with structure 1.
An X-ray diffraction analysis of 1 (Figure 1 ) confirmed the relative configuration and showed the conformational preference in the solid state, which was similar to that found for the global minimum energy structure, obtained by geometry optimization at the B3LYP/DGDZVP level using DFT calculations ( Figure 2 ). Acetate 2 showed an IR carbonyl group band at 1720 cm -1 ; its molecular composition was established as C 22 H 36 O 3 by HRESIMS and showed [] D = -28. The spectroscopic data of 2 were similar to those of 1 with the addition of an acetyl group signal at  1.98. HMBC correlations of H-3 with C-5 and C-20, of H-7 with C-5 and C-6, of H-18 with C-3, C-4 and C-5, and of H-20 with C-11, C-12 and C-13, together with the NOESY measurement, allowed the structure determination of 2.
The AC of 1 was determined by VCD spectroscopy, a technique already used to determine the AC of diterpenes [20] , which is based on comparison of the experimental VCD spectrum and the corresponding calculated curve for the proper enantiomer obtained by density functional theory (DFT) calculations. The calculations involve the generation of weighted-average vibrational plots including all significantly populated conformations of the studied molecule. The molecular model of 1 was subjected to conformational search using the Monte Carlo method. The most stable conformers were geometry optimized by DFT at the B3LYP/DGDZVP level and their thermochemical parameters, IR and VCD frequencies were calculated as described [20] . This yielded ten conformers within an energy range of 3 kcal/mol. Table  2 summarizes the thermochemical parameters for the conformers estimated according to the ΔG = ΔH -TΔS and ΔG = -RT ln K equations, considering the B3LYP/DGDZVP frequencies calculated at 298 K and 1 atm. It was found that conformers 1a-1c, 1e and 1f (Figure 2 ), which account for 95.9% of the DFT population (Table  2) , essentially maintained the same ring conformation and differ in the orientation of the hydroxyl group and the isopropyl moiety. A second conformational family was represented by 1d, which showed variations in the dihedral angles around the two double bonds with respect to 1c. Comparison of the calculated and experimental VCD spectra of (-)-(1S,3E,7R,8R,11E)-1 showed good agreement (Figure 3 ). Quantitative evaluation of this concordance was made applying the CompareVOA algorithm (BioTools Co., Jupiter, FL 33458, USA), which estimates the integrated overlap of the experimental and calculated data as a function of a relative shift. This procedure allowed us to obtain the optimal anharmonicity factor (anH = 0.981), and the VCD spectral similarity for the correct (S -E = 73.9%) and the incorrect enantiomer (S E = 19.8%) with an ESI value of 54.1%, giving a 100% confidence for the AC determination [21] . This is the first time that cembranes have been found in a Bursera species thus providing a consistent phylogenetic relationship in the Burseraceae family [2] . The agreement between the calculated and experimental VCD curves of 1 allowed us to assign its AC and that of 2 as 1S,3E,7R,8R,11E.
Experimental
General: Optical rotations were measured in CHCl 3 at 25°C in a Perkin-Elmer 341 polarimeter. VCD and IR measurements were made on a BioTools dualPEM ChiralIR FT spectrophotometer.
Absolute configuration of cembranes
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Extraction and isolation:
Fresh stems of B. multijuga (8 kg) were extracted with hexanes (10 L) at room temperature during 4 weeks to yield a slightly greenish viscous oil (5 g), which was chromatographed on silica gel (40 g). Elution with hexanes yielded cembrene A (3) (7 mg), nephthenol (4) (5 mg), and cembrenol (5) (200 mg). Elution with hexanes-CH 2 Cl 2 (4:1) afforded 2 (240 mg) and with hexanes-CH 2 Cl 2 (3:2) yielded pure 1 (90 mg). (1S,3E,7R,8R,11E)-7,8-Epoxycembra-3,11- (-)- (1S,3E,7R,8R,11E)-7,8-Epoxycembra-3,11-dien-1-ol 
(-)-

VCD calculations:
Conformational search for 1 was made with Spartan'04 (Wavefunction, Inc., Irvine, CA 92612, USA) via the Monte Carlo protocol with the MMFF94 force-field to give 13 conformers in the first 5 kcal/mol. Geometry optimization, using Gaussian 03W (Gaussian, Inc., Wallingford, CT 06492, USA) at the DFT B3LYP/DGDZVP level of theory and calculation of the vibrational frequencies, yielded 10 conformers in a 3 kcal/mol gap (Table 1) . Thermochemical analysis was made at 298 K and 1 atm. The VCD and IR frequencies were plotted using Lorentzian bandshapes and bandwidths of 6 cm -1 . Molecular visualization was achieved using GaussView 3.0 and DFT calculations required on average 12 h computational time per conformer when using a PC operating at 3 GHz with 8 Gb RAM. 
